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Increasingly, attention is being paid to declaring the origin of agricultural and marine products after the advent of the bovine
spongiform encephalopathy (BSE; commonly known as mad-cow disease). The display of the production centers on U. pinnatiﬁda
has been required in Japan since 2006. As an example of testing in another marine product, near-infrared spectra (NIR) and
trace elemental analysis of U. pinnatiﬁda are proven eﬀective methods for discriminating production centers by us and Food
and Agricultural Materials Inspection Center (FAMIC). In the present study, we found that X-ray ﬂuorescence analysis of Br was
also eﬀective for the discrimination of production centers. The results of our study suggest that a combination of NIR and X-
ray ﬂuorescence analysis is a convenient and eﬃcient method for determination due simple sampling procedures and increased
eﬀectiveness.
1.Introduction
Issues related to the safety of foods have gathered the
attention of consumers following the advent of bovine
spongiform encephalopathy (BSE). There have also been
improper displays of production centers on some marine
products such as clams (Undaria pinnatiﬁda). Hence, there is
an urgent need for establishment of convenient and eﬃcient
scientiﬁc methods for discriminating the production centers.
In our earlier studies [1, 2], we reported that near-
infrared spectroscopy is a useful method for discriminating
production areas [3]. In addition, Food and Agricultural
Materials Inspection Center (FAMIC) reported that the
inorganic elemental analysis results were valid markers for
discriminating the production areas between China, Korea,
and Japan (Sanriku and Naruto) of U. pinnatiﬁda by ICP-MS
spectroscopy [4–7]. Analysis results of these studies showed
that the error rates were 0%, 26%, and 6% for samples from
China, Korea, and Japan, respectively. In our present study,
we hypothesize that additional accuracy can be achieved
by classiﬁcation and regression trees (CART [8, 9]) as a
discriminant method.
In addition we explored the possibility of a more
convenient discrimination method using elemental analysis
of Br. The main purpose of this paper is reporting the
possibility of the screening test, which would be conveniently
applicablewithoutusingexpensiveandlargeequipmentslike
an ICP-MS and so on, for discriminating production areas.
Some NIR or X-ray ﬂuorescence equipments are portable
and the usages are not so complicated.
2.MaterialsandMethods
Results from the study in [5] involving ICP-MS analysis for
2 2e l e m e n t s ,n a m e l y ,A l ,B a ,C a ,F e ,K ,M g ,M n ,S r ,L i ,
Co, Ni, Cu, Zn, Rb, Y, Mo, Cd, La, Nd, Sm, Gd, and W
in 95U. pinnatiﬁda samples (29 China, 19 Korea, and 47
Japan (21 Sanriku and 26 Naruto)) were taken in our study
for comparison of linear discriminant analysis (Table 1)a n d
CART (Table 2). The overview of the sample preparation is
below as follows:
(1) cleaning samples with the ion-exchanged pure water
thoroughly for getting rid of attached salt and the
others,
(2) drying them in the shade for one day under 20
degrees centigrade,2 International Journal of Analytical Chemistry
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Table 2: Classiﬁcation results by linear discriminant analysis.
(a) By nation (n = 3)
Production correct Japan China Korea
Center Ratio (%)
Japan 93 44 1 2
China 100 0 29 0
Korea 74 3 2 14
(b) By area (n = 4)
Production correct Sanriku Naruto China Korea
Center Ratio (%)
Sanriku 87 19 2 0 1
Naruto 92 0 23 1 1
China 100 0 0 29 0
Korea 74 2 1 2 14
Table 3: Classiﬁcation results by CART.
(a) By nation (n = 3)
Production correct Japan China Korea
Center Ratio (%)
Japan 100 47 0 0
China 100 0 29 0
Korea 74 1 1 17
(b) By area (n = 4)
Production correct Sanriku Naruto China Korea
Center Ratio (%)
Sanriku 100 22 0 0 0
Naruto 92 0 23 1 1
China 100 0 0 29 0
Korea 74 2 0 1 16
(3) drying them in a vacuum with the pressure, about
5m mH g,u n d e r1 0 7d egr ee sc e n ti grad ef o ro n eh o u r ,
(4) milling the dried samples into a ﬁne small powder
of less than 125 micrometers using a food processor
(Millser IFM-700G, Iwatani Corp.).
Sample preparation and analysis conditions for ICP-MS
of the study are described in [5].
A total of 10 samples were independently taken in the
present study: 3 samples each from China and Korea and 4
samples from Japan (2 each from Sanriku and Naruto). Sam-
ples for X-ray ﬂuorescence analysis were prepared according
to the method described in [10]. A Shimadzu XRF-1800 was
used for detecting trace elements by fundamental parameter
methods. Sample briquettes were formed under 20ton/cm2
pressure for 30 seconds with the MP-35-02 press.
Becausewesupposedthattherecouldbethepossibilityof
ﬁnding more convenient methods with using an equipment
such as an X-ray ﬂuorescence analysis, we gathered indepen-
dent 10 samples from Riken Food Company.
3. Results and Discussion
3.1. CART Results and Comparison to Linear Discriminant
Analysis. At ﬁrst, we introduce the overview of how CART
works.
In case of CART, if the target variable is categorical, then
a classiﬁcation tree is generated. To predict the category of
the target variable using a classiﬁcation tree, use the values
of the predictor variables to move through the tree until
you reach a terminal (leaf) node, then predict the category
shown for that node. An example of a classiﬁcation tree is
known well in case of the Fisher’s Iris data (from the UCI
Machine Learning Repository: Iris Data Set [11]). The target
variable is “Species”, the species of Iris. We can see from the
tree that if the value of the predictor variable “petal length”
is less than or equal to 2.45 the species is Setosa. If the petal
length is greater than 2.45, then additional splits are required
to classify the species. Because CART is a nonparametric
classiﬁcation method, it is necessary to validate the obtained
model. However, CART is usually more potent than LDA.
On the other hand, Linear discriminant analysis is a
linear and parametric method with discriminating character.
LDA focuses on ﬁnding optimal boundaries between classes.
ClassiﬁcationresultsbetweenChina, Korea,andJapanby
CART are shown in Figure 1. Parent and terminal nodes had
2 and 1 minimum cases, respectively.
– In node 1, the discriminant condition is given by the
following equation.
5.6 ×10−4 ×Ba −2.370 ×10−4×
Fe −3.850 × 10−5 ×Sr −0.6670×
Nd −0.7450 × Sm ≤− 0.0100.
(1)
– In node 2, the discriminant condition is given by
Ba ≤ 4.500.
– In node 3, the discriminant condition is given by
Cu ≤ 1.550.
– Innode4,thediscriminantconditionisgivenbySr ≤
79.00.
In the event of the inclusion of 1 case of terminal node
3 and terminal node 4 in China and Japan, respectively,
the maximum rate of error was 0/95∼2/95. The ranking
of variable importance was arranged in descending order,
N d ,L a ,F e ,S m ,A l ,Y ,G d ,C d ,B a ,C u ,L i ,a n dS r .R a r e
earth elements, Fe, and Al were ranked as important.
The classiﬁcation results between Sanriku (Japan), Naruto
(Japan), China, and Korea are shown in Figure 2.
– In node 1, the discriminant condition is given by the
following equation:
−2.000 ×10−4 ×Fe − 1.0000 × Nd ≤− 0.0100. (2)
– In node 2, the discriminant condition is given by Ba
≤ 4.500.6 International Journal of Analytical Chemistry
0.01
79
0.00056 (Ba) 0.01
Ba 4.5
Terminal
Node 1
Class = 4
Class Cases
20 0
30 0
4 17 100
W 17
N 17
Cu 1.55
Terminal
Node 2
Class = 3
Class Cases
20 0
32 9 1 0 0
40 0
W 29
N 29
Cu 1.55
Terminal
Node 3
Class = 4
Class Cases
200
300
41 1 0 0
W 1
N 1
Ba 4.5
Node 3
Class = 3
Cu 1.55
Class Cases
20 0
3 29 96.7
4 1 3.3
W 30
N 30
0.00056 (Ba)
Node 2
Class = 3
Ba 4.5
Class Cases
200
3 29 61.7
41 8 38.3
W 47
N 47
Sr  79
Terminal
Node 4
Class = 4
Class Cases
200
300
41 1 0 0
W 1
N 1
Sr 
Terminal
Node 5
Class = 2
Class Cases
24 7 1 0 0
30 0
40 0
W 47
N 47
Node 4
Class = 2
Sr 79.00
Class Cases
2 47 97.9
3 0 0.0
4 1 2.1
W 48.00
N 48
Node1 
Class = 2
0.00056 (Ba)
0.000237 (Fe)
3.85 E-005 (Sr)
0.667 (Nd)
0.745 (Sm)
0.01
Class Cases
2 47 49.5
3 29 30.5
4 19 20
W 95
N 95
≤
≤
≤ ≤
≤ ≤
≤
≤
=
= =
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
% %
% %
% %
% %
%
− −
−
−
−
−
−
+   +  
+  
>
>
> >
Class
2: Japan
3: China
4: Korea
(a)
(
%
)
0
20
40
60
12345
Terminal nodes
Korea
China
Korea Korea
Japan
(b)
Figure 1: Classiﬁcation of production areas by elemental analysis.International Journal of Analytical Chemistry 7
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Figure 2: Classiﬁcation of 4 production areas by elemental analysis.
– In node 3, the discriminant condition is given by Y ≤
0.0200.
– In node 4, the discriminant condition is given by
Cu ≤ 1.550.
– In node 5, the discriminant condition is given by
Cu ≤ 0.240.
– In node 6, the discriminant condition is given by
0.974 × Y − 0.226 × Cd ≤ 0.000.
– In node 7, the discriminant condition is given by Ba
− 0.0164 × Sr ≤ 0.310.
In the event of inclusion of 1 case each of terminal nodes
2, 3, 5, and 7 for samples from Korea, China, China, and
Sanriku, respectively, the maximum rate of error was 0/95∼
5/95. The ranking of variable importance was arranged in
descending order: La, Nd, Fe, Y, Sm, Al, Cd, Gd, and Ba. Rare
earth elements, Fe, and Al were ranked as important.
Based on the above CART method, more on the produc-
tioncenterscouldbeextractedbytheICP-MSanalysisresults
of Kadowaki and Tatsuguchi [4] and the proceeding for
the discrimination of production centers of U. pinnatiﬁda,
FAMIC [5], than from the previous linear discriminant
analysis.
3.2. Analysis Results by the CART on the Elemental Anal-
ysis with an X-Ray Fluorescence Method. The classiﬁcation
results from U. pinnatiﬁda collected in China, Korea,
and Japan based on CART with analysis of 9 major
detectable elements detected by X-ray ﬂuorescence method
[10](Figure 3) — F e ,I ,B r ,A s ,Z n ,M n ,C u ,N i ,a n dC r — a r e
given as follows.8 International Journal of Analytical Chemistry
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Figure 3: Classiﬁcation by elemental analysis of Br and Fe.
– In node 1, the discriminant condition is given by the
following equation: Br ≤ 226.0.
– In node 2, the discriminant condition is given by the
following equation: Fe ≤ 121.0.
Terminal nodes 1, 2, and 3 mapped Japan, Korea, and
China, respectively. These results suggest that bromine is
an important parameter for the discrimination of produc-
tion centers (characteristic of Korea samples, see Figure 4).
Signiﬁcant diﬀerences between Br content for China and
Korea samples and between Japan and Korea samples were
observed for multiple comparison of means values of Br
content (ppm.) between China, Korea, and Japanese Undaria
pinnatiﬁdas by the Ryan-Joiner testing method [12]. On
the other hand, no diﬀerences were observed in I content
between China and Korea and between Japan and Korea
samples by the Ryan method (P<. 03).
Bromine could not be completely dissolved and, further,
Br has a tendency to vaporize in the acid decomposition
sample preparation process for the ICP-MS. However in the
case of X-ray ﬂuorescence method, which is characterized
by the rapid and easy handling, the above problem can
be avoided and, hence, this could be a better and more
promising method than ICP-MS. We earlier reported theInternational Journal of Analytical Chemistry 9
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Figure 4: Amount of Br, Fe, and I by country with the X-ray
ﬂuorescence.
rapidity and convenience of a discrimination method by
near-infrared spectroscopy [3]. By combining the two diﬀer-
ent methods of NIR and X-ray ﬂuorescence methods, which
essentially give diﬀerent organic and inorganic information,
respectively, before the ﬁnal method, ICP-MS method,
a more convenient and rapid discrimination method can
be developed. One of the main reasons for this is that NIR
and X-ray ﬂuorescence methods do not require that powder
samples be prepared as solutions. We conclude that the
abovecombinationofmethodscouldbeusedasaconvenient
discrimination method to meet the regulatory requirements
as those of 2006 for the display of the production centers on
U. pinnatiﬁda in Japan.
4. Conclusion
(1) When using CART for the discrimination analysis
on the production area from the elemental analysis
results from the point of error rates, we take better
discrimination results comparing to the LDA.
(2) As one of convenient discrimination methods, we
found the feasibility of using the elemental analysis,
especially, the quantity of Br with the X-ray ﬂuores-
cence analysis.
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